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0 improved spinning pacic for wet spinning bicomponent filaments. 



@ A spinning pack for wet spinning a tov^^ having at 
least 20,000 bicomponent acrylic filaments is de- 
scribed. The pack comprises a plurality of specially 
designed plates arranged so as to provide filaments 
having a substantially uniform distribution of the 
components along the entire length of each filament 
and from filament to filament. 
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IMPROVED SPINNING PACK FOR WET SPINNING BICOMPONENT FILAMENTS 



BACKGROUND OF THE INVENTION 



This invention relates to a spinning pack for 
wet spinning a large number of bicomponent fila- 
ments, particularly, bicomponent acrylic filaments 
and. more particularly, bicomponent acrylic fila- 
ments having the specific ability to develop a hel- 
ical crimp on hot or hot/wet treatment because of a 
difference in shrinkage between the two compo- 
nents. (Bicomponent filaments having this ability 
are commonly referred to as "conjugate fila- 
ments".) The term "bicomponent filaments", as 
used herein, means filaments consisting of two 
components arranged either in a side-by-side or 
sheath/core configuraition along the length of the 
filaments. The term "wet spinning" as used herein 
means a process in which a solution of fiber- 
forming polymer Is extruded from a spinning pack 
through orifices directly into a liquid coagulation 
medium where the polymer is coagulated to form 
filaments that are further processed. Preferably, the 
spinning pack is immersed in the liquid coagulation 
medium. However, if desired, the spinneret may be 
placed a short distance (e.g. 0.5 to 2 cm) above 
the surface of the liquid medium. 

Spinning packs useful for wet spinning bicom- 
ponent filaments are described in the prior art, for 
example. U.S. Patent 3,176,345 describes a spin- 
ning pack consisting of stacked plates that are 
bolted together. Some of the plates have slots 
defining orifices and the remaining plates have 
hollow regions defining manifolds. The plates are 
arranged so that a slotted plate is sandwiched 
between two manifold plates. In operatton of the 
pack two solutions under pressure are fed to the 
pack, one polymer spinning solution flows to the 
manifold plates on one side of the slotted plates 
and the other polymer solution flows to the mani- 
fold plates on the other side of the slotted plates. 
The two solutions combine in each of the slots of 
the slotted plates and are extruded from each slot 
as a single stream which, when coagulated, pro- 
vides a bicomponent filament. One problem en- 
countered in using this pack is that the distribution 
of the two components in the filaments is not 
uniform t>ecause the lower viscosity solution tends 
to wrap around the higher viscosity solution. 



SUMMARY OF THE INVENTION 



The present invention provides a spinning pack 
useful for wet spinning bicomponent filaments. The 



pack is characterized in being capable of providing 
a large number of conjugate filaments having a 
substantially uniform distribution of the components 
along the entire length of each filament and from 

5 filament to filament. The pack comprises a plurality 
of assembled metal plates which define openings 
through which two spinning dopes flow enroute to a 
spinneret. The pack of the present invention is 
particularly useful for wet spinning a tow consisting 

ro of in excess of 20.000 conjugate acrylic filaments. 
The tow can then be processed into yarn useful for 
applications where high bulk is desirable, for exam- 
ple, craft yarns and sweater yams. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a top view of a preferred spin pack 
20 of the invention. 

Fig. 2 is a front elevation of the spin pack 
shown in Rg. 1 . 

Fig. 3 is a right side elevation of plate 21 
shown in Fig. 1 . 
25 Fig. 4 is a right side elevation of plate 24 

shown in Rg. 2. 

Fig. 5 is a right side elevation of plate 22 
shown in Rg. 2. 

Fig. 6 is a right side elevation of plate 23 
30 shown in Rg. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 

Spinning packs of the invention comprise in- 
dividual thin metal plates. Typically, there are four 
different types of thin plates plus two end plates 
and a spinneret plate. The packs are provided by 

40 first making the required numk^er of each type of 
plate, preferably, from stainless steel. These plates 
can be made, for example, by machining stacks of 
solid plates by the technique of electron discharge 
machining (sometimes referred to as wire cutting) 

45 or by photoetching. The plates are then assembled 
in the proper order and converted by appropriate 
means to a structure that does not leak under 
conditions normally encountered in wet spinning 
processes. Preferably, the structure is converted to 

50 a monolithic structure by utilizing the process gen- 
erally known as diffusion bonding (sometimes re- 
ferred to as Isostatic pressing). In diffusion bonding 
the assembled plates are cleaned and held to- 
gether in an inert atmosphere or under vacuum 
while being heated under conditions sufficient to 
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cause the atoms of the adjacent metal plates to 
diffuse rapidly between the plates and convert the 
assembled plates to a monolithic structure. For 
example, diffusion bonding of stainless steel plates 
is accomplished by holding the plates by pressures 
in the range of 446 to 13.892 kP while heating the 
plates at a temperature in the range of 927* to 
1038* C for a period ranging from 1/2 hour to 24 
hours. It is contemplated that the plates, instead of 
being made from stainless steel, may be made 
from other metals or from materials such as ceram- 
ics or cartx)n. 

A preferred spinning pack of the invention and 
its component parts are shown in the accompany- 
ing Rgures. Referring to Rg. 2. spinning pack 5 
consists of end walls or plates 20. spacer plates 21 
and 24. capillary plates 22. divider plates 23 and 
spinneret plate 25 arranged as shown in Fig. 2. As 
shown in Figs. 3 and 4, each of the spacer plates 
21 and 24 has inlets 41 and 44, respectively, 
leading to central cavity 50. As shown in Rg. 5. 
each of the capillary plates 22 has rectangular slots 
60 extending inwardly and perpendicularly from the 
lower edge thereof a selected distance. As shown 
in Fig. 6. each of the divider plates 23 has rectan- 
gular slots 70 extending inwardly and perpendicu- 
larly from the k)wer edge thereof. Slots 60 are of 
the same width as slots 70 but are longer. When 
plates 22 and 23 are arranged as shown in Rg. 2. 
slots 70 are aligned with slots 60. Spacer plates 21 
differ from spacer plates 24 in that inlet 41 of 
plates 21 is reversed from inlet 44 of plates 24 as 
shown in Fig. 1. Spinneret plate 25 has orifices 80 
and facilitates formation of uniform filaments. Spin- 
neret plate 25 may be attached to the other plates 
by any suitable means. According to a preferred 
embodiment of the invention spinneret plate 25 is 
compression fitted (stretched) over the other plates. 
According to this embodiment, plates 20 - 24 are 
constructed and arranged so as to define a curved 
(convex) lower surface over which spinneret plate 
25 is stretched. Stretching of spinneret plate 25 
over plates 20 - 24 may be accomplished by 
suitable mechanical means, such as clamps, which 
pull spinneret plate 25 over the other plates. The 
convex surface defined by plates 20 - 24 conforms 
to and fits snugly against the upper surface of 
spinneret plate 25. (if the lower surface formed by 
plates 20 - 24 were flat instead of convex, spin- 
neret plate 25 tends to bulge away and separate 
frorn the other during use of the pack.) Slots 70 of 
plates 23 align with orifices 80 of spinneret plate 25 
and compensate for any misalignment of slots 60 
and orifices 80. If desired, however, slots 70 may 
be omitted (i.e. plates 23 may be solid). 

According to another embodiment of the inven- 
tion, spinneret plate 25 is omitted from pack 5, 
plates 23 have stots 70 and the tower surface of 
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the pack defined by plates 20 - 24 is flat. (In this 
instance, if plates 23 were solid, each pair of op- 
posite slots 60 abutting plates 23 would form two 
monocomponent fibers instead of one bicomponent 
5 fiber.) 

Referring to FIGURES 1 and 2. in operation of 
pack 5. utilizing spinneret plate 25 and slots 70. 
two polymer solutions (i.e. dopes) are individually 
and separately fed under pressure by means of 

10 manifolds (not shown) to openings 41 and 44. one 
solution to openings 41 and the other solution to 
openings 44. The solutions flow from openings 41 
and 44 into cavities 50. From cavities 50 the solu- 
tion flow through sk)ts 60 and combine or join in 

16 slots 70. The combined solutions flow through slots 
70 and are extruded as streams from spinneret 
plate orifices 80. Slots 60 and 70 and orifk:es 80 
are carefully sized so that the pressure drop of 
each spin dope when flowing through orifices 80 at 

20 the desired rate is. preferably, in the range of 239 
to 1480 kP. This permits each orifice 80 to deliver 
an accurately controlled flow of dope to its outlet. 
The solutions are emitted from orifices 80 In the 
form of streams which, when coagulated, provide 

25 bicomponent fila ments in which the components 
are arranged in either a side-by-side or sheath/core 
configuration along the longitudinal axis of the fila- 
ments, depending on the viscosities of the two 
spinning solutions. In general, when the solutions 

30 are of the same viscosity, the components will be 
arranged in a side-by-side configuration, whereas if 
solutions are each of a different viscosity, the com- 
ponents will be arranged in or approximate a 
sheath/core configuration since the lower viscosity 

36 solution tends to wrap around the higher viscosity 
solution. According to one emtxxliment of spinning 
pack 5 improved distribution of flow is achieved by 
sizing the thickness and width of slots 60 so that 
those through which one of the two spinning dopes 

40 flows enroute to orifices 80 are of a lesser cross- 
sectional area than those through which the other 
spinning dope flows. According to another emtx)di- 
ment of the invention, formation of sheath/core 
fibers is facilitated by placing tubes between each 

46 opening defined by slots 60 and 70 and each 
spinneret plate orifice 80. The tut)es are. for exam- 
ple. 2.54 cm king and sealably connected to each 
said opening and its correspondirig orifice 80. 

During operation of pack 5. the dopes are 

50 considerably hotter (30* to 60 *C.) than the aque- 
ous coagulating liquid. It is important that dope in 
cavities 50 located at the outer portion of the pack 
is not cooled by the aqueous coagulating liquid to 
a greater extent than is dope in cavities 50 located 

55 at the center of the pack. Lowering the tenr>perature 
of the dope, increases its viscosity, k^wers its flow 
rate through the pack and. consequently, causes 
smaller diameter fibers to be formed. To prevent 
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this, it is a conventional practiciB to heat packs, for 
example, by jacketing the pack and circulating a 
heating fluid (e.g. steann or oil) in the jacket or by 
providing channels in the plates for circulating a 
heated fluid. 

For purposes of providing conjugate type fila- 
ments having the ability to develop the highest 
possible level of bulk, the components are ar- 
ranged in a side-by-side configuration where the 
distribution of the components is in a ratio of 1:1, 
that is, in cross-section one half of the filament 
consist entirely of one of the components and the 
other half consists entirely of the other component. 
The distribution of the components in the filaments 
can be selected by selecting the appropriate rates 
at which the solutions are fed to the orifices, for 
example, if one of the solutions is fed to the 
orifices at twice the rate of the other solution, the 
distribution of the two components In the filament 
will be in a ratio of 1:2. assuming Newtonium flow 
and other conditions remained the same. The dis- 
tribution of the components in each filament and 
from filament to filament is maintained substantially 
the same by means of divider plates 23. 

The packs of the invention are particularly use- 
ful for providing a tow consisting of at least 20.000 
conjugate acrylic filaments in which the distribution 
of the components is 1:1. Since the size of each of 
the filaments formed by the pack will be deter- 
mined by the cross-sectional area of orifices 80, 
plates 22 and 23 must be thin and the slots narrow 
in order to provide packs capable of spinning 
20.000 plus filaments. Suitable plates for preparing 
such a pack would be, for example, divider plates 
23 each having a thtekness of 3 mils, capillary 
plates 22 each having a thickness of 6 mils and 
spacer plates 21 and 24 each having a thickness of 
31 mils. (A typical spinneret plate 25 has a thick- 
ness of 0.152 cm and each orifice 80 a diameter of 
0.009 cm.) Slots 60 and 70 are preferably provided 
in plates 22 and 23 by means of electron discharge 
machining techniques. The plates are assembled in 
the order shown in Fig. 2. This order of assembly 
is continued until a pack with the desired number 
of orifices is achieved. The plates are held in 
alignment by means of dowel rods 28 during as- 
sembly and t)onding of the plates. The assembled 
pack is then preferably subjected to appropriate 
diffusion bonding coriditions to provide a monolithic 
structure. 

The following example is given to further illus- 
trate the invention. In the example percentages are 
weight percentages. 



EXAMPLE 



This example illustrates wet spinning conjugate 
acrylic filaments using the pack of the present 
invention. 

A first spinning solution is prepared by dissolv- 
5 ing an appropriate amount of an acrylic polymer 
containing 92.5% of acrylonitrile (AN) and 7.5% 
vinyl acetate (VA) in dimethylacetamide (DMAc) to 
provide a solution containing 25% of the polymer. 
A second spinning solution of about the same 
70 viscosity is prepared in the same way. except in 
this instance the acrylic polymer contains 92.1% 
AN. 7,3% VA and 0.6% sodium p-sulfophenyl- 
methailyl ether (SPME). For spinning, a pack 
shown in the accompanying Rgures and having 
75 30,000 orifices is used. The pack is immersed in a 
coagulation bath consisting of a 55% aqueous solu- 
tion of OMAc at a temperature of 45 'C. The first 
solution at 100*C. is fed into the pack through 
inlets 41 (Rg. 1) and the second spinning solution 
20 at 100* C. is fed into the pack through inlets 44 
(Fig. 1), The resulting tow consisting of 30,000 
bicomponent filaments in which the components 
are arranged in a side-by-side configuration is with- 
drawn from the coagulation bath at a linear speed 
25 of 20 fpm (6.1 mpm) with a theoretical jet stretch of 
0.9 times by a first set of rolls, washed on these 
rolls, then stretched 6 times in boiling water be- 
tween the first set of rolls and a second set of rolls, 
washed on the second set of rolls, dried on drying 
30 rolls and collected on a winder bobbin at a speed 
of 120 fpm (36.6m). The tow is then crimped and 
annealed with steam under conditions that do not 
develop the latent helical crimp present in the 
conjugate filaments of the tow. The tow is tiien 
J5 converted to staple and made into skeins of yam. 
The yarn is then wet-dyed and dried under con- 
ditions that develop the latent helical crimp. The 
resulting yams have excellent bulk when observed 
under a microscope, ttie distribution of the tow 
40 components is substantially uniform along the 
length of each filament and from filament to fila- 
ment and there is no visual evidence of splitting of 
the components. 

In related experiments bicomponent filaments 
45 in which the components are arranged in a 
sheatfi/core configuration are made by utilizing the 
above dopes except in this instance the dopes are 
prepared so tiiat tfie dope containing SPME is of a 
lesser viscosity (e.g. 1/6tii) than tiie other dope. 
50 Similar results are obtained. 



Claims 

55 1. A spinning pack for wet spinning bicom- 

ponent filaments comprising a pair of end plates 
(20) a plurality of spacer plates <21) and (24), 
capillary plates (22) and divider plates (23). said 
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plates being stacked and arranged so that each of 
said divider plates (23) is between and against a 
pair of capillary plates (22) and each of said spacer 
plates (21) and (24) is between and against either a 
pair of capillary plates (22) or a capillary plate X22) 5 
and an end plate (20), said spacer plates (21) and 
(24) being in alternate relationship with respect to 
one another, each of said divider plates (23) and 
each of said capillary plates (22) having therein a 
plurality of slots (70) and slots (60), respectively. io 
extending inwardly from an edge of each of said 
plates (22) and (23). wherein said slots (60) e>ctend 
further inwardly then said slots (70), said slots (60) 
and (70) defining spinneret orifices, each of said 
spacer plates (21 ) and (24) havir>g therein manifold is 
openings (50) communication with slots (60) of said 
capillary plates (22). means for forcing a first spin- 
ning solution into said manifold opening of each of 
said spacer plates (21) and means for forcing a 
second spinning solution into said manifold open- 20 
ing of each of said spacer plates (24). said divider 
plates providing means for controlling the distribu- 
tion of components of said bicomponent filaments. 

2. The pack of claim 1 fitted with a spinneret 
plate (25) having an orifice (80) inline with each clot 25 
(70). 

3. The pack of claim 2 wherein said plates are 
made of stainless steel. 

4. The pack of claim 3 wherein said pack has 
sufficient slots (60) and (70) to provide at least 30 
20.000 orifices (80). 

5. The pack of claim 1 wherein said pack has 
been subjected to bonding under conditions suffi- 
cient to provide a monolithic structure. 

6. The pack of claim 1 wherein said slots (60) as 
adopted to receive one of two spinning solutions is 

of a greater cross-sectional area that said stots (60) 
adapted to receive the other of said two spinning 
solutions. 

7. The pack of claim 2 where said spinneret 40 
plate (25) is stretched over the lower surface of 

said plates (20) - (24). 

8. The pack of claim 7 wherein said surface is 
of a convex shape that conforms to the surface of 
said spinneret plate (25). 45 

9. The pack of claim 2 wherein said slots 70 
are omitted from said plate (23). 

10. A tow consisting of bicomponent acrylic 
filaments prepared using the spinning pack of 
claim 4. 50 

11. The tow of claim 10 wherein the compo- 
nents of each said fiiament are arranged in a side- 
by-side configuration. 

12. The tow of claim 8 wherein the distribution 

of said components is 1 :1 . ss 

13. The tow of claim 10 wherein the compo- 
nents of each said filament are arranged in a 
sheatfi/core configuration. 
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FIG. 3. FIG.6. 



® 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



iiiillillllllO 

0 Publication numlaer: 0 376 91 1 A3 



® 



® Application nrniber. 89870212.1 
® Date of filing: 21.12.89 



EUROPEAN PATENT APPLICATION 

® intciAOOID 5/30 



<§) Priority: 29.12^ US 291891 


@ Inventor Carter, Don Eugene 


@ Date of publication of application: 


7 Williamsburg Road 


Creve Coeur Missouri 63141 (US) 


04.07.90 Bulletin 90/27 


Inventor: McPeters, Arnold Lawrence 


@ Designated Contracting States: 


6829 Perkins Drive 


Raieigh North Carolina 2761 2(US) 


AT BE OH DE ES FR GB GR IT Li LU NL SE 


Inventor: SIceen, Hobson Leon 




4109 Oalc Drive 


@ Date of defenred publication of the search report: 


High Point North Carolina 27260(US) 


29.05.91 Bulletin 91/22 


® Applicant MONSANTO COMPANY 


® Representative: Ernst, Hubert et al 


Monsanto Services International SJL 


800 North Lindbergh Boulevard 


Avenue de Tervuren 270/272 


St Louis Missouri 63167(US) 


B-1 1 50 Brussels(BE) 



0 Improved spinning pack for wet spinning bicomponent filaments. 



@ A spinning pack for wet spinning a tow liaving at 
least 20,000 bicomponent acrylic filaments is de- 
scribed. Tiie pack comprises a plurality of specially 
designed plates (20, 21, 22, 23, 24) arranged so as 



to provide filaments having a substantially uniform 
distribution of the components along the entire 
length of each filament and from filament to filament. 
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FIG. 2. 
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